DRIVE DEVICE FOR A MACHINE WITH A TRACTION DRIVE SYSTEM 
AND A HYDRAULIC WORK SYSTEM 

BACKGROUND OF THE INVENTION 

Cross-Reference to Related Application 
[0001] This application corresponds to German Application No. 100 63 167.3 filed 

December 18, 2000, which is herein incorporated by reference in its entirety. 

1. Field of the Invention 

[0002] This invention relates generally to a drive device for a machine with a traction 

drive system and a hydraulic work system in which the traction drive system has a drive axle 
and the hydraulic work system has at least one electric motor and at least one pump that is 
driven by the electric motor. 

2. Technical Considerations 

[0003] The term "machine" as used in this document is to be understood as including 

all machines that, in addition to a primary user which can be driven electrically or 
hydraulically, hydraulic ally drive at least one additional user. 

[0004] Drive devices are used, for example, in industrial trucks that are powered by 

electric storage batteries. The term "hydraulic work system" as used in this document relates 
not only to the users of hydraulic energy in machines, the function of which is visible on the 
outside (such as the hoisting cylinder and tilting cylinders of a fork lift truck) but also to 
hydraulic users inside the vehicle, the workings of which are to a certain extent hidden (such 
as a hydraulic steering system, for example). 

[0005] An object of this invention is to reduce the cost of construction and the space 

required for the installation of drive devices such as those described above. 

SUMMARY OF THE INVENTION 
[0006] The invention provides a drive device in which the electric motor and/or the 

pump of the hydraulic work system are integrated into the drive axle or are located directly 
on the drive axle. 

[0007] In one aspect of the invention, the principle components of the traction drive 

system and the hydraulic work system that were previously spatially separated from each 
other are combined into a single modular unit. This arrangement has significant advantages. 


For example, space in the machine is saved by the relocation of the electric motor and/or of 
the pump of the hydraulic work system into the drive axle of the traction drive system, or 
directly onto the drive axle. In machines that are driven by a rechargeable electric battery, 
the space thereby made available can be used to increase the size and volume of the battery, 
among other things. 

[0008] It is also possible that components of the drive device of the invention can be 

used both for the traction drive system and for the hydraulic work system. For example, the 
electric motor no longer requires its own housing if the housing of the drive axle is also used 
to house the electric motor. This arrangement drastically reduces the time and effort involved 
in manufacturing and assembly and leads to reduced manufacturing costs. 
[0009] The invention teaches that it is possible either to integrate the electric motor 

with the pump into the drive axle, or to locate both of them directly on the drive axle. It is 
also possible to integrate only the electric motor or only the pump into the drive axle and to 
locate the respective other component outside, but directly on the drive axle. 
[0010] Of course, it is within the context of the invention to integrate into the drive 

axle a plurality of pumps that are associated with the hydraulic work system, as well as a 
plurality of electric motors that are provided to drive the pumps, or to locate them directly on 
the drive axle. 

[0011] In one embodiment of the invention, the drive axle has two traction motors, 

thereby providing an all-wheel drive system. A differential transmission to compensate for 
different speeds of rotation of the wheels as the vehicle travels around curves is therefore 
unnecessary. The all-wheel drive can be controlled for travel around curves. The 
construction with two traction motors described above results in an efficient utilization of 
space if the traction motors are located on the ends of the drive axle and the electric motor 
and/or the pump are located axially between the traction motors. 

[0012] In one embodiment of the invention, the traction motors are electric motors 

(Fig. 1), in which case the drive device theoretically represents an electro-axle, which is not 
only a principle component of a traction drive system but, as taught by the invention, is also 
an important component of a hydraulic work system. 

[0013] In an additional configuration of the invention, the traction motors are disc 

rotor electric motors. The space required by the electric traction motors, in particular in the 
axial direction, is thereby minimized and space is created for the installation of the units of 
the hydraulic work system. 


[0014] In an additional but no less advantageous configuration, the traction motors 

are hydraulic motors, such as hydraulic motors with secondary regulation systems. The 
hydraulic motors can be fed either by a separate traction pump (Fig. 2) or by the pump of the 
hydraulic work system (Fig. 3). The separate traction pump can be driven by its own electric 
motor or by the electric motor of the hydraulic work system. 

[0015] In one development of the invention, if the hydraulic motors and the hydraulic 

work system are driven by a common pump, it is thereby sufficient to design the installed 
delivery volume of the pump so that it provides the volume required by the hydraulic work 
system. This arrangement utilizes the knowledge that in practice, the vehicle traction drive 
system is generally not operated at high speed at the same time the hydraulic work system is 
operated at a high working speed. As a general rule, the hydraulic work system is not 
activated when the vehicle is traveling at high speed. Typically, the vehicle is either not 
traveling at all or the speed of travel is low when the hydraulic work system is being operated 
at a high working speed. Approximately all of the oil that is transported by the pump is 
therefore fed to the hydraulic work system or to the traction drive system. Although the 
amount of oil delivered by the pump is designed to meet the requirements of the hydraulic 
work system and is therefore not very large overall, the secondary regulation of the traction 
motors achieves a sufficient speed of travel of the machine. 

[0016] The efficiency of the machine is optimized when the pump is sized as taught 

by the invention. The power loss of the drive system is thereby significantly reduced. The 
pipelines, fittings, and hoses can also be smaller. Finally, the noise level of the hydraulic 
system is also reduced. 

[0017] To make possible overlaps between traction movements and work movements 

in boundary areas, in one advantageous configuration of the invention, the installed delivery 
capacity of the pump is greater than the maximum quantity required by the hydraulic work 
system. This measure makes it possible, for example when the hydraulic work system is 
being operated at a high working speed, to still be able to move the machine at a low speed of 
travel (e.g., for maneuvering or parking) without previously having to reduce the working 
speed of the hydraulic work system. Conversely, at a high speed of travel, the hydraulic 
work system can still be operated at a slow work speed without having to previously reduce 
the speed of travel. The excess can also be used to operate a hydraulic auxiliary or booster 
system. 

[0018] The invention teaches that it is advantageous, in particular when electric 

traction motors are used, if a reducing transmission is installed downstream of each traction 
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motor. Traction motors that run at a high speed can thereby be used, the speed of rotation of 
which is reduced by the reducing transmissions. As a result of which, the drive torque that is 
transmitted to the wheels of the drive axle is simultaneously increased. The traction motors 
can therefore be very small. A particularly compact arrangement is possible if the reducing 
transmissions are planetary gear trains. 

[0019] In an additional realization of the invention, the drive axle has a single traction 

motor (Fig. 4). The traction motor preferably interacts with a downstream differential 
transmission and drives both wheels, optionally via a reducing transmission. The individual 
traction motor (hydraulic or electric) can be integrated into the drive axle together with the 
electric motor of the hydraulic work system and/or the pump of the hydraulic work system. 
In that case, the electric motor and optionally the pump of the hydraulic work system are 
penetrated, preferably coaxially, by an output shaft of the differential transmission. 
[0020] It is also possible that the electric motor of the hydraulic work system can be 

provided in the form of an electric traction motor of the traction drive system. In that case, 
the drive device taught by the invention has only one single electric motor that drives both the 
traction drive system and the hydraulic work system. In this case, appropriate control devices 
provide for a splitting of the output between the traction drive system and the hydraulic work 
system and thus for the desired distribution of the flow of power. 

[0021] The drive axle advantageously also has an axle housing that is substantially 

closed all around for connection with the vehicle frame, inside which axle housing can be 
located the electric motor and/or the pump of the hydraulic work system. If both the electric 
motor and the pump are integrated into the drive axle, they can be oriented coaxially. 
[0022] The installation and removal of the individual components of the drive device 

of the invention into the axle housing and the installation of the drive axle into the machine is 
facilitated if the axle housing has a housing middle segment and two housing end segments 
that are detachably fastened to it. In this case, the electric motor and/or the pump of the 
hydraulic work system are advantageously located in the middle segment of the housing, 
where the traction motors can also be located. The reducing transmissions can be 
advantageously located in the housing end segments. 

[0023] In one particularly advantageous embodiment of the invention, when the drive 

axle is installed, at least one housing end segment can be removed from the housing middle 
segment without having to remove the drive axle from the vehicle frame, whereby the interior 
of the housing middle segment is accessible after the removal of the housing end segment. 
Maintenance or repair work on the components of the traction drive system and the 
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components of the hydraulic drive system that are integrated into the drive axle can thereby 
be performed when the drive axle is installed. 

[0024] In one embodiment of the invention, the electric motor of the hydraulic work 

system and optionally the traction motors that are in the form of electric motors are 
advantageously oil-cooled and are in communication with the oil circuit of the hydraulic 
work system. In that case, the fan of the electric motor that supplies air cooling can thereby 
be eliminated and sufficient quantities of thermal energy can still be removed when the 
electric motor is operating at low speeds of rotation. An oil cooling can be realized simply 
because the pump of the hydraulic work system is located immediately next to the electric 
motor. The diameter of an oil-cooled electric motor can be very small. The diameter of the 
drive axle can also be minimized in this area, thereby achieving the greatest possible ground 
clearance of a machine that is equipped with the drive device of the invention. When the 
drive device of the invention is used in a fork-lift truck, it is also possible to reduce the size of 
the nose of the truck, i.e., the distance between the lifting frame and the tipping axis, which 
generally runs through the drive axle. 

[0025] In one advantageous development of the invention, a control for at least one 

electric motor is fastened to the outside of the axle housing, e.g., the control for the electric 
motor of the hydraulic work system and optionally for the electrical traction motor(s). On 
one hand, it is thereby possible to keep the electric lines between the control and the electric 
motor short and, on the other hand, the control system, the temperature of which increases 
during operation, can discharge its thermal energy to the axle housing. 

[0026] The discharge of thermal energy can be improved if the control is oil-cooled. 

In that case, the oil cooling system of the electric motor can be used to remove heat 
simultaneously from the electric motor and the thermally conducting axle housing. 
[0027] If a valve control device is connected downstream of the pump of the 

hydraulic work system, which valve control device is integrated into the drive axle or is 
fastened to the outside of the axle housing in the vicinity of the pump, the connection paths 
between the valve control device and the pump are short. 

[0028] An oil tank connected to the hydraulic work system and integrated into the 

drive axle or located immediately adjacent to the drive axle makes possible a short intake 
path to the pump. 

[0029] Only a few electrical and hydraulic lines need to be connected to the drive 

device of the invention to supply energy to the electric motor and to supply oil under pressure 
to the hydraulic work system. 
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[0030] The advantages of the invention can be utilized to particular advantage if the 

machine is an industrial truck, in particular a fork lift truck, that is powered by an electric 
battery or an electric fuel cell. In that case, the hydraulic lifting system and optionally 
additional users can be connected to the pump(s). 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] Additional details and advantages of the invention are explained in greater 

detail below with reference to the exemplary embodiments illustrated in the accompanying 
schematic drawings in which like reference numbers identify like parts throughout. 
[0032] Fig. 1 is a schematic bottom view of a machine in the form of a fork lift truck 

powered by an electric battery and shows the drive axle in longitudinal section, the drive axle 

U having an electric motor for the hydraulic work system and two electric traction motors; 

Jj [0033] Fig. 1 a is a cross section of the drive axle of Fig. 1 ; 

-«£ [0034] Fig. 2 is a schematic bottom view of a fork lift truck similar to Fig. 1 in which 

39 

fg the drive axle has two hydraulic traction motors which are connected to a separate traction 

iff 

pump; 

M* [0035] Fig. 2a is a cross section of the drive axle of Fig. 2; 

fU 

|4 [0036] Fig. 3 is a schematic bottom view of a fork lift truck similar to Fig. 1 in which 

the drive axle has two hydraulic traction motors which are connected to the pump of the 

■fe* hydraulic work system; 

[0037] Fig. 3a is a cross section of the drive axle of Fig. 3; and 

[0038] Fig. 4 is a longitudinal section through a drive axle of a machine of the 

invention, which in addition to the electric motor of the hydraulic work system has an electric 
traction motor and a downstream differential transmission. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0039] The general concepts of the invention will now be described with particular 

reference to a machine having a traction drive system and a hydraulic work system. As 
shown in Fig. 1, the traction drive system includes a front drive axle 1. The hydraulic work 
system includes hoisting cylinders 2 and 3 of a lifting frame 4 that is located forward of the 
drive axle 1 (as well as the tilting cylinder, which is not shown in Fig. 1, and optional 
additional users of hydraulic energy, such as a hydraulic steering system, for example). 
[0040] Between the drive axle 1 and a rear steering axle 5 there is a battery block 6 in 

the form of an energy storage system. A fuel cell can also optionally be used. 


[0041] The drive axle 1 has traction motors 7 and 8 in its respective end areas which, 

in the exemplary embodiment illustrated in Fig. 1, are in the form of electric motors that 
employ a disc rotor design and drive a front wheel (optionally also a tandem wheel). Inside 
the traction motors 7 and 8 are respective brakes 10 and 9. Downstream of the traction 
motors 7 and 8 are respective reducing transmissions 12 and 11, which can be in the form of 
planetary gear trains. 

[0042] Integrated into the drive axle 1 are an electric motor 13 and a pump 14 that is 

driven by the electric motor 13, which are provided for the drive of the hydraulic work 
system (e.g., in the illustrated exemplary embodiment for the drive of at least the hoisting 
cylinders 2 and 3). In another possible arrangement of the above mentioned drive 
components of the hydraulic work system, only the electric motor 13 is integrated into the 
drive axle 1, while the pump 14 is located outside the drive axle 1 and can be oriented, for 
example, at a right angle to the axis of rotation of the electric motor 13. The pump 14 can 
thereby be connected with the electric motor 13 by a bevel wheel gear. It is also possible to 
locate both components of the hydraulic work system, i.e., the electric motor 13 and the 
pump 14, outside the drive axle 1 but directly on it, e.g., to flange-mount them on the drive 
axle 1 or to connect them with the drive axle 1 in another suitable manner and to thereby 
achieve a compact modular unit. 

[0043] In the exemplary embodiment of Fig. 1, the electric motor 13 and the pump 14 

of the hydraulic work system, together with the two traction motors 7 and 8, are located in a 
middle segment 15a of an axle housing 15 of the drive axle 1. The axle housing 15 is closed 
on all sides and is connected with a vehicle frame 16 directly or indirectly by elastic 
intermediate elements. On both sides of the housing middle segment 15a there are housing 
end segments 15b and 15c, which are detachably fastened to the housing middle segment 15a 
and in which the reducing transmissions 11 and 12 are located. To a certain extent, the 
housing end segments 15b and 15c each form a wheel head which projects into a rim of the 
front wheel. 

[0044] This design makes it possible, after the removal of one or both housing end 

segments 15b, 15c, to perform maintenance and repair activities on the modular units of the 
traction drive system (reducing transmissions 1 1, 12) located inside the housing end segments 
15b, 15c, as well as the modular units of the traction drive system (traction motors 7, 8; 
brakes 9, 10) and of the hydraulic work system (electric motor 13 and/or pump 14) located 
inside the housing middle segment 15 a, without previously having to completely remove the 
drive axle 1 from the vehicle frame 16. Nor does the lifting frame 4 have to be removed. 
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[0045] The electric motor 13 can be oil-cooled, and for this purpose can be connected 

to the hydraulic circuit of the pump 14, i.e., advantageously to the intake side of the pump or 
to the return. Therefore, the electric motor 13 does not need a fan and can be realized with a 
small diameter. Optionally or in addition thereto, the electric traction motors 7, 8 can also be 
oil-cooled. In the exemplary embodiment illustrated in Fig. 1, the pump 14 of the hydraulic 
work system is located axially next to the electric motor 13 and is a constant displacement 
pump (e.g., a gear pump). In addition to the above mentioned capability of locating the pump 
14 outside the drive axle 1, the pump 14 can also be located inside the electric motor 13, for 
example, if additional pumps are also to be driven (for the hydraulic work system or for a 
supplemental hydraulic system), or if the overall length must be reduced. It is also possible 
to configure the pump 14 in the form of a variable displacement pump, e.g., in the form of a 
hydrostatic axial piston engine employing a swashplate design. 

[0046] A valve control device 17 (e.g., a valve block) which is connected to the pump 

14 to supply the lifting cylinders 2 and 3 and optionally tilting cylinders and additional users 
of hydraulic energy is located on the outside of the axle housing 15 of the drive axle 1 in the 
vicinity of the pump 14 (Fig. la). 

[0047] The speed of rotation of the electric motors 13, 7 and 8 can be variable. A 

control system 18 of the electric motors 13, 7 and 8 provided for this purpose can also be 
attached to the outside of the axle housing 15. The heat generated in the control system 18 
can be discharged via the axle housing 15, and the cooling action can be optionally enhanced 
by oil cooling. In that case, the control system 18 can also be indirectly oil-cooled. 
[0048] The electric motors 13, 7 and 8 can be three-phase induction motors, for 

example. In that case, it is also possible to provide an energy recovery system from the 
hydraulic work system (when the lifting cylinders 2 and 3 are lowered) and/or from the 
traction drive system (brakes), to extend the length of time between rechargings of the battery 
block 6. 

[0049] Behind the drive axle 1 in the direction of travel there is an oil tank 19 for the 

hydraulic circuit of the hydraulic work system (and optionally of the traction drive system), 
which can be fastened to the axle housing 15 of the drive axle 1. The intake path of the pump 
14 is therefore short. 

[0050] As illustrated in Figs. 2, 2a, 3, and 3a, it is also within the teaching of the 

invention to configure the traction motors 7 and 8 as hydraulic motors and to feed them by a 
pump 20 (see Fig. 2) or the pump 14 (see Fig. 3) (electro-hydraulic axle). 


[0051] In the first case described above (Fig. 2), the traction pump 20, which can be a 

variable displacement axial piston machine employing a swashplate design, can be driven by 
the electric motor 13, which also drives the pump 14 of the hydraulic work system. It is 
thereby appropriate if there are two hydraulic circuits that are separate from each other so that 
the maximum pressure level in the hydraulic work system can differ from the maximum 
pressure level in the hydraulic traction system. 

[0052] The traction motors 7 and 8, which can also be hydrostatic axial piston engines 

that employ a swashplate design, can have constant or variable intake volumes. The 
connecting lines between the traction pump 20 and the traction motors 7 and 8 can be 
integrated into the axle housing 15. There is no need for reducing transmissions if the 
traction motors 7, 8 are low-speed motors. 

[0053] In the latter case described above (Fig. 3), the delivery volume of the pump 

14, which then feeds both the hydraulic work system as well as the (hydrostatic) traction 
drive system, is designed for the maximum volume required by the hydraulic work system. 
The hydraulic traction motors 7 and 8 can have a variable intake volume and a secondary 
regulation system. 

[0054] Under normal conditions, when the delivery flow available from the pump 14 

is used for the traction drive system, only a slow speed of movement can be achieved, which 
corresponds to the relatively small maximum delivery of the pump 14. As a result of the 
secondary regulation system of the traction motors (hydraulic motors) 7 and 8, however, the 
volume made available by the pump 14, which is designed for only the requirements of the 
hydraulic work system, can be used to achieve a wider range of traction speeds. It is thereby 
advantageous that it is generally unnecessary to run a fork lift truck at high speed and 
simultaneously operate the hydraulic work system at a high speed. For example, when the 
machine is traveling at high speed, the lifting cylinders 2 and 3 are generally not actuated. 
On the other hand, when the lifting cylinders 2 and 3 are operating at high speed, the truck 
should generally be moved either very slowly or not at all for safety reasons (maneuvering or 
parking, for example). 

[0055] The fact that the delivery volume of the pump 14 is greater than the amount 

required by the hydraulic work system, for example by 10-20%, makes it possible to operate 
the hydraulic work system at slow working speeds even in the range of high speeds of travel 
without having to first reduce the speed of travel. 

[0056] In the embodiment of the invention illustrated in Fig. 4, the drive axle 1 for the 

traction drive system has a single electric traction motor 21 which is located together with the 
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electric motor 13 of the hydraulic work system in the axle housing 15. The traction motor 21 
drives a downstream differential transmission 22 which, in the illustrated exemplary 
embodiment, is located axially between the traction motor 21 and the electric motor 13 of the 
hydraulic work system and can be a planetary gear differential. The two reducing 
transmissions 1 1 and 12 located on the axle ends are driven by the output shafts 23 and 24 of 
the differential transmission 22. The output shaft 23 runs centrally through the electric motor 
13 and the pump 14 located axially between the electric motor 13 and the reducing 
transmission 1 1 , while the output shaft 24 runs centrally through the electric traction motor 
21. This arrangement is possible as a result of the use of hollow shafts in the above 
mentioned units. In this exemplary embodiment, the brakes 9, 10 are located in the vicinity 
of the differential transmission 22. 

[0057] It will be readily appreciated by those skilled in the art that modifications may 

be made to the invention without departing from the concepts disclosed in the foregoing 
description. Accordingly, the particular embodiments described in detail herein are 
illustrative only and are not limiting to the scope of the invention, which is to be given the 
full breadth of the appended claims and any and all equivalents thereof. 
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